1. Introduction {#s0005}
===============

The use of e-cigarettes has increased dramatically in recent years. Use by both adolescents and adults doubled worldwide between 2008 and 2012 ([@bb0090]). In 2014, there were three million users in France i.e., 6% of the French population ([@bb0025]).

However, the role of e-cigarettes in facilitating smoking cessation or in lowering the social stigma attached to tobacco use remains controversial ([@bb0055]; [@bb0060]; [@bb0075]; [@bb0200]; [@bb0030]). A number of studies have assessed the toxicity of e-cigarettes ([@bb0220]; [@bb0230]; [@bb0145]; [@bb0095]; [@bb0170]) and several reviews ([@bb0105]; [@bb0155]; [@bb0040]; [@bb0195]; [@bb0065]; [@bb0160]) have attempted to establish a consensus with regard to management of e-cigarette consumption. The main conclusions are that e-cigarettes contain smaller quantities of toxic substances and in lower concentrations than tobacco cigarettes. However, in the absence of evidence-based proof of non-toxicity, expert guidelines from both the WHO ([@bb0090]) and French institutions ([@bb0175]; [@bb0115]) all recommend a precautionary approach.

Whether e-cigarettes are useful in the cessation of tobacco use or whether they are actually associated with a lower rate of tobacco cessation among smokers is unknown and contradictory findings have emerged ([@bb0205]; [@bb0140]). Nicotine-containing e-cigarettes have been shown to be effective for reducing consumption or delaying relapse ([@bb0030]; [@bb0205]; [@bb0225]; [@bb0085]; [@bb0080]; [@bb0035]; [@bb0010]). Recent findings have however shown that e-cigarette use in younger adults is associated with a significantly higher risk of becoming a (cigarette) smoker ([@bb0165]; [@bb0150]).

Attempts have been made to define the profile of ever-users of e-cigarettes ([@bb0135]; [@bb0185]). These surveys did not however assess beliefs or knowledge among the general population with regard to the risks of exposure to or the potential harm or benefits of e-cigarettes vs. conventional cigarettes. To the best of our knowledge, the links between nicotine dependence and the use of e-cigarettes have seldom been addressed ([@bb0100]).

We investigated beliefs and behaviors regarding e-cigarettes in an adult French population.

2. Methods {#s0010}
==========

The aim of the EDIFICE nationwide observational surveys is to improve insight into the behavior of the French population with regard to cancer prevention and participation in screening programs. They are conducted in the target populations for national screening programs, i.e., age range, 40 to 75 years. EDIFICE 4 was conducted by phone interviews from June 12 to July 10, 2014 among a selected population of 1602 individuals. Representativeness of the survey sample for gender, age, profession, geographical area and community size as compared to the French general population, was ensured by the method of quotas ([@bb0070]), based on the statistics of the French Employment Survey conducted in 2009 and updated in 2011 by the French National Institute for Statistics and Economic Studies (*Institut National de Statistiques et d\'Etudes Economiques* \[INSEE\]). Phone interviews were conducted by experienced independent interviewers using a computer-assisted questionnaire. The present analysis focuses on individuals with no history of cancer (*N* = 1463).

All interviewees provided information on sociodemographic characteristics and answered questions about their beliefs and knowledge of e-cigarette use and related risks. They were also asked about smoking habits, including cigarettes, cigars and pipe. For the sake of simplicity, and also because there were very few cigar-only or pipe-only smokers in our sample, we have used the term "cigarette-smoker" to refer to all types of inhaled tobacco products, cigars and pipe included.

We defined three categories of cigarette (and cigar and pipe) users according to the questionnaire answers: (i) never-smokers (individuals who have smoked \<100 cigarettes throughout their lifetime ([@bb0050])); (ii) former smokers (individuals who quit smoking at least one year ago and who have smoked \>100 cigarettes throughout their lifetime); and (iii) current smokers (individuals who currently smoke or quit less than one year prior to the interview). For e-cigarettes, we defined two categories: e-cigarette users (currently using e-cigarettes at the time of the survey) and e-cigarette non-users (not currently using e-cigarettes). Of note, former e-cigarettes users were categorized as non-users. The following categories of cigarette smokers and e-cigarette users were therefore used: exclusively cigarette smokers (current or former), dual users (current simultaneous cigarette smoking and e-cigarette use) and e-cigarette users only (not currently cigarette smokers).

Nicotine dependence was assessed using the Fagerström Test for Cigarette Dependence (FTCD) ([@bb0120]) among interviewees who reported current cigarette use. All interviewees were asked about their perception of the risk of lung cancer for themselves and for others. Individual awareness of the risk of lung cancer was assessed by the question: "How do you evaluate your own risk of lung cancer? Is it higher, lower or identical to that of the average population?"

Comparisons between two populations were made using Student\'s *t*-test for quantitative data, and the *Z*-test and the chi-squared test for the comparison of percentages and numbers, respectively, in the case of categorical data. Differences were considered statistically significant when the probability value was \<0.05 (bilateral test). The detailed methodology of these iterative surveys has been described previously ([@bb0210]).

3. Results {#s0015}
==========

3.1. Demographics {#s0020}
-----------------

The demographics of the study population of 1463 individuals with no history of cancer together with tobacco status and e-cigarette use are presented in [Table 1](#t0005){ref-type="table"}. Exclusively cigar-smokers or exclusively pipe-smokers represented 3% (10/353) and 1.5% (5/353) of the current smokers in the lay population, respectively.Table 1Characteristics, smoking status and e-cigarette use in lay population.Table 1Variable N(%)Lay populationN = 1463 (100%)Gender Male726 (50%) Female737 (50%)Socioeconomic category[⁎](#tf0005){ref-type="table-fn"} SPC+468 (32%) SPC-438 (30%) Unemployed (inc. retired)557 (38%)Smoking status (cigarettes, cigars, pipes) Never-smokers625 (43%) Former smokers481 (33%) Current smokers353 (24%) Missing data4 (\<1%)Mean pack-year consumption (cigarette; SD) Current smokers14.80 (13.31) Former smokers21.33 (21.87)Intention to quit cigarette195 (55%)E-cigarette users All93 (6%) Only e-cigarettes19 (1%) Dual users74 (5%)**E-cigarette useN** **=** **93 (100%)** Average times per day (SD)9.9 (11.0) Nicotine-containing liquid81 (88%) Methods of use Substitute for conventional cigarettes76 (82%) Concomitantly with conventional cigarettes17 (18%) Reasons for using e-cigarettes: To quit smoking64 (69%) To reduce tobacco consumption22 (24%) Neither of these6 (7%)[^1]

3.2. E-cigarette use in the lay population {#s0025}
------------------------------------------

Of the total study population, 6% (*N* = 93) reported using e-cigarettes. The majority were currently dual users (*N* = 74, 5%), and 1% were former cigarette smokers (*N* = 19) ([Table 1](#t0005){ref-type="table"}). All current e-cigarette users had a personal history of cigarette smoking ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Venn diagram showing distribution of the lay population regarding smoking profiles and e-cigarette use (*N* = 1463). Missing data are not displayed (*N* = 4).Fig. 1

The profile of e-cigarette users in the lay population are reported in [Table 1](#t0005){ref-type="table"}. For 82%, e-cigarettes were a substitute for conventional cigarette consumption and for 69% they were a way to quit smoking, though, 7% claimed to use them neither to quit nor to reduce cigarette consumption. Nicotine-containing e-liquid was used by 88% of e-cigarette users. Of the e-cigarette-users who expressed a long-term ambition to cease tobacco consumption, the majority reported having replaced conventional cigarettes by e-cigarettes: 88% of those who considered e-cigarettes as a means to cease tobacco consumption and 62% of those who considered e-cigarettes as a means to reduce tobacco consumption (*P* = 0.02, data not shown).

[Table 2](#t0010){ref-type="table"} compares the characteristics of e-cigarette users and e-cigarette non users depending on their smoking status. More males than females reported current exclusively cigarette smoking (53% males), e-cigarette use only (65% males) and dual use (63% males). No significant differences were observed between these patterns of consumption in males. Current smokers from lower socioprofessional categories reported current dual use significantly more frequently than exclusively cigarette smoking (56% vs 39%, *P* = 0.01). Former smokers in the unemployed category were less likely to use e-cigarettes (17% vs 44%, *P* = 0.04). Among current smokers, exclusively cigarette smokers and dual users did not differ significantly in terms of nicotine dependence. Nicotine-containing e-liquid was more likely to be used by moderately and highly nicotine-dependent e-cigarette users (100%) than by those who were not dependent (84%, *P* = 0.05).Table 2Comparison of smoking status of e-cigarette users and non-users in the lay population.Table 2Current cigarette smokers (*N* = 353)Former cigarette smokers (*N* = 481)E-cig users, Current vs. Former smokersCigarette only\
*N* = 279\
ADual users\
*N* = 74\
B*P* value\
A vs. BE-cig non users\
*N* = 462\
CCurrent E-cig users\
N = 19\
D*P* value\
C vs. D*P* value\
B vs.DGender Male148 (53%)47 (63%)NS277 (60%)12 (65%)NSNS Female131 (47%)27 (37%)NS185 (40%)6 (35%)NSNSSocioprofessional categories SPC+95 (34%)22 (30%)NS140 (30%)7 (40%)NSNS SPC-108 (39%)42 (56%)0.01122 (26%)8 (43%)NSNS Unemployed (inc. retired)76 (27%)11 (14%)0.03200 (44%)3 (17%)0.04NSSelf-assessment of LC risk Higher than average population128 (46%)45 (61%)0.0362 (14%)8 (42%)\<0.01NS Same as average population119 (43%)25 (33%)NS223 (48%)11 (58%)NSNS Lower than average population23 (8%)2 (3%)0.05162 (35%)0 (0%)\<0.01NS No answer9 (3%)2 (3%)15 (3%)--Considering LC screening for self101 (36%)32 (43%)NS96 (21%)2 (11%)NS0.02Intention to quit smoking Yes139 (50%)56 (76%)\<0.01-------- No133 (47%)17 (23%)\<0.01-------- No answer8 (3%)1 (1%)--------Level of nicotine dependence (*N* = 330)\**N* = 261*N* = 69------ No dependence141 (54%)29 (42%)NS-------- Low dependence53 (20%)18 (26%)NS-------- Moderate dependence46 (18%)14 (20%)NS-------- High dependence21 (8%)8 (12%)NS--------[^2]

Current dual-users were significantly more likely to attempt to quit smoking than current cigarette smokers (odds ratio \[OR\], 3.15 \[1.74--5.70\]). They were also more likely to consider themselves at higher risk of lung cancer than the average population, compared to current exclusively cigarette smokers (61% vs. 46%; *P* = 0.03). Similarly, current e-cigarette users with a personal history of cigarette smoking (i.e. former smokers) considered themselves at higher risk than former cigarette smokers (42% vs. 14%; *P* \< 0.01).

Overall, e-cigarette users considered themselves at higher risk for lung cancer than exclusively cigarette smokers (current and former) (OR 3.85 \[95% CI: 2.47--5.99\]). *E*-cigarette use was not associated with the intention to undergo lung cancer screening, either in current smokers (43% in dual users vs. 36%, NS) or among former smokers (11% in e-cigarette users vs. 21%, NS).

3.3. Opinions on e-cigarettes {#s0030}
-----------------------------

Over half (58%) of our sample population believed e-cigarettes to be potentially useful for trying to reduce cigarette consumption or to quit smoking (31%) ([Table 3](#t0015){ref-type="table"}). Current e-cigarette users had far greater confidence in e-cigarettes as an aide to smoking cessation than non-users (48% vs. 30%; *P* \< 0.01). Forty-four percent of users considered e-cigarettes as a means to reduce cigarette smoking compared to 59% of non-users (*P* = 0.01). In contrast to e-cigarette non-users, e-cigarette users were more likely to rate them as the most effective method to reduce lung cancer mortality (35% vs 11%; *P* \< 0.01) (data not shown).Table 3Lay population opinions of e-cigarettes.Table 3Opinion of e-cigarettesLay population\
N = 1463 (100%)Are e-cigarettes a means for smokers to^a^: Quit smoking?462 (31%) Reduce tobacco consumption?846 (58%) No answer156 (11%)For users, compared to tobacco smoke, is e-cigarette vapor: Less harmful for active users?621 (42%) As harmful for active users?639 (44%) More harmful for active users?57 (4%) No answer147 (10%)For passive inhalation, compared to tobacco smoke, is e-cigarette vapor: Less harmful?795 (54%) As harmful?480 (33%) More harmful?41 (3%) No answer147 (10%)Which of the following would be the most effective measure to reduce lung cancer mortality?^b^ Increasing cigarette prices324 (22%) Screening779 (53%) Promoting development of e-cigarettes180 (12%) None of these157 (11%) No answer23 (2%)[^3]

Similar results were found regarding smoking status ([Supplemental Table 1](#ec0005){ref-type="supplementary-material"}). Among current e-cigarettes users, former smokers were more likely than current smokers (i.e., dual-users) to see e-cigarettes as a way to quit smoking (79% vs 41%; *P* \< 0.01).

Forty-two percent of the study participants believed that e-cigarette vapor is less toxic (than conventional-cigarette smoke) for active inhalers; and 54% of the total population believed it to be less toxic for passive inhalers ([Supplemental Table 2](#ec0010){ref-type="supplementary-material"}). Current smokers are more likely than former and never smokers to believe that passive exposure to e-cigarettes is less toxic (61% vs 53 and 51% respectively, *P* = 0.01) ([Supplemental Table 2](#ec0010){ref-type="supplementary-material"}). *E*-cigarette users were significantly more likely than e-cigarette non-users to believe e-cigarette vapor is less toxic than conventional-cigarette smoke both for the user and for passive inhalers (71% vs 41%; *P* ≤ 0.01 and 85% vs. 53%; *P* ≤ 0.01, respectively) ([Supplemental Table 2](#ec0010){ref-type="supplementary-material"}).

4. Discussion {#s0035}
=============

The present analysis provides an overview of e-cigarette use in France in 2014. Six percent of the study population were e-cigarette users, which can be extrapolated to an estimated 1.6 million individuals aged 40 to 75 years in the country as a whole (27.3 million at the time of the survey, in 2014). A history of tobacco use is very likely among e-cigarette users: 80% were currently dual users; 20% were former smokers but currently exclusively e-cigarette users.

No significant differences were observed between cigarette smokers and dual users in terms of nicotine dependence. Current e-cigarette users and former smokers in particular, declared using e-cigarettes as a smoking-cessation tool. Compared with non-users, e-cigarette users were more likely to consider themselves at higher risk of lung cancer (than the average population), or to intend quitting tobacco smoking. *E*-cigarette users believed e-cigarette vapor to be less toxic than tobacco smoke.

A study conducted in 2014 by the French National Institute for Healthcare Prevention and Education (*Institut national de prévention et d\'éducation pour la santé* \[INPES\]) reported a rate of 6.0% of regular e-cigarette users among the 15--75-year age group ([@bb0020]). The figures we observed in our 40--75-year age group may reflect an increasingly higher overall prevalence given that e-cigarette consumption is known to be lower in the upper age categories ([@bb0020]).

One recent study reported a similar sociodemographic profile of e-cigarette users (male, lower socioeconomic status) ([@bb0135]) to our own. In line with previously published data, the majority of e-cigarette users in our survey were dual-users ([@bb0135]; [@bb0020]; [@bb0180]). E-cigarette users typically have greater awareness of tobacco-related specific risks ([@bb0190]). Although e-cigarettes are recognized as a helpful tool for ceasing or reducing tobacco-consumption ([@bb0085]; [@bb0005]), sustained cessation is dependent on the type of device and frequency of use ([@bb0130]; [@bb0045]), and the possible high expectations of the user ([@bb0110]).

Our findings on dual use can be put into perspective with a recent publication ([@bb0015]). Overall, 215 e-cigarette users (40 dual-users and 175 switchers, i.e., current smokers who ceased smoking by switching to e-cigarette use) completed an online questionnaire. Dual-users decreased tobacco consumption after taking up e-cigarettes but recognized smoking reduction (rather than quitting) as a better justification for e-cigarette use. They opted for e-cigarettes to reduce exposing others to second-hand smoke but reported more practical problems (battery, reservoir) with e-cigarettes and more negative consequences on their own health.

In line with previously published figures of 0.9% ([@bb0020]), approximately 1% (*N* = 19/1463) of our total study population were former cigarette smokers and current e-cigarette users. Twenty percent (19/93) of e-cigarette users in our survey were former smokers who switched to e-cigarettes. Although this figure is higher, it is still comparable with the 15% reported in the literature ([@bb0025]; [@bb0020]).

These, and our own observations should be considered in light of the latest standpoints taken by health authorities worldwide. In May 2016, in response to the American Lung Association, the American Food and Drug Administration extended its regulatory authority to cover e-cigarettes ([@bb0235]). In April 2016, a report by the Royal College of Physicians (United Kingdom) concluded that e-cigarettes were likely to be beneficial to UK health, thus encouraging smokers to use them ([@bb0215]). The French High Council for Public Health ([@bb0125]) called for wider dissemination of information to smokers and healthcare professionals, on two points in particular: e-cigarettes are a useful tool for helping tobacco cessation for those who so wish; e-cigarettes are a means of reducing tobacco-related health risks.

Our study does have several limitations, which are related to the potential bias of declarative surveys (social desirability response bias and memorization bias). Given that we limited our study to individuals within the target population for cancer screening programs (40--75 years), youth and young adults who may be particularly at risk of e-cigarette use were not included. A number of our observations were also made on small sample sizes, such as the sub-group of former and current smokers who also currently use e-cigarettes (dual-users). The survey does however have the advantage of a robust, validated methodology. Our findings will help boost the limited data available, and define the new public health issues surrounding the increasing use of e-cigarettes.

5. Conclusion {#s0040}
=============

E-cigarette use is typically associated with on-going conventional-cigarette use. Dual users exhibit a complex pattern of behavior with regard to smoking. They want to quit and e-cigarettes are a means to this end. Independently of their level of nicotine dependence, their attitude is conditioned by the fact that they believe their own risk of lung cancer is greater than that of the general population. However, their opinion of the efficacy of lung cancer screening does not differ from that of non-users. In contrast to non-users, e-cigarette users tend to emphasize the potential benefits of e-cigarettes as a way to quit and/or reduce lung cancer mortality. In line with current cigarette smokers, e-cigarette users also believe e-cigarette vapor is less harmful than cigarette smoke, in terms of both active and passive exposure. Physicians should be made aware of the specific sub-population of dual-users for whom e-cigarettes may be a useful trigger in the smoking cessation process.

The following are the supplementary data related to this article.Supplemental Table 1Opinions on e-cigarettes according to tobacco (cigarette) status.Supplemental Table 1Supplemental Table 2Proportion of individuals who believed vapor from nicotine-containing e-cigarettes to be less, more, or as harmful as the smoke from tobacco cigarettes, for active and passive smokers.Supplemental Table 2
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[^1]: Socioprofessional category, high (SPC+) and low (SPC-).

[^2]: E-cig: e-cigarette; smokers: conventional-cigarette smokers; users: e-cigarette users; LC: lung cancer; \* 330 conventional-cigarette smokers (excluding pipe, cigar and cigarillos). SPC: Socioprofessional category, high (SPC+) and low (SPC-).

[^3]: Questions: ^a^ "In your opinion, even for users who do not necessarily intend to quit smoking, e-cigarettes are a means for smokers to ...?"; ^b^ "In your opinion, which of the following would be effective measures to reduce lung cancer mortality, ...?"
